Phytochemical analysis of the bulbs of Camassia leichtlinii (Liliaceae) resulted in the isolation of six new spirostanol saponins, a new furostanol saponin, a cholestane glucoside, and four known steroidal saponins. The structures of the new saponins were determined by detailed analysis of their spectral data, including two-dimensional NMR spectroscopy, and by the results of hydrolytic cleavage. Cytotoxic activities of the isolated compounds against human oral squamous cell carcinoma (HSC-2) cells and normal human gingival fibroblasts (HGF) are also reported.
The genus Camassia belongs to the subfamily Schilloideae in the Liliaceae and is found in North America. The fresh and preserved bulbs of some Camassia species have been used as a nourishing food and a feed for domestic animals by American Indians. Among the Camassia species, the bulbs of Camassia cusickii have a strongly bitter taste and are not edible. We previously made a phytochemical screening of C. cusickii bulbs and isolated fourteen new steroidal saponins, 1) twelve of which were based upon (25R)-spirostane-3b,6a-diol (chlorogenin) as the aglycon. The chlorogenin glycosides were obtained in good yield and were shown to contribute to the bitter taste of the bulbs of C. cusickii. Following further chemical investigation of the Camassia species, we focused on the steroidal glycoside constituents of C. leichtlinii (BAK.) S. WATS. It is distributed from British Columbia in Canada to California in the United States and grows in grasslands on damp soils. The bulbs are commercially available through importation in Japan and slightly bitter to the taste. From the n-BuOH-soluble portion of a MeOH extract of C. leichtlinii bulbs, we have isolated six new spirostanol saponins, a new furostanol saponin, a cholestane glucoside, and four known steroidal saponins. This paper deals with the structural determination of the new saponins and the cytotoxicity of the isolated compounds against human oral squamous cell (HSC-2) cells and normal human gingival fibroblasts (HGF).
Fresh bulbs of C. leichtlinii were extracted with hot MeOH. After removal of solvent, the crude extract was partitioned between n-BuOH and H 2 O. The n-BuOH-soluble portion was repeatedly subjected to column chromatography over silica gel and octadecylsilanized (ODS) silica gel, as well as preparative HPLC, yielding compounds 1-12. Compounds 1, 4, 9, 10, and 12 were identified as (25R)-5a- 7 Hz) . Acid hydrolysis of 2 with 1 M HCl in dioxane-H 2 O (1 : 1) gave a steroidal sapogenin, identified as (25R)-3b-hydroxy-5a-spirostan-12-one (hecogenin), 4) and D-glucose, D-galactose, and L-rhamnose as the carbohydrate moieties. The monosaccharides, including their absolute configurations, were identified by direct HPLC analysis of the hydrolysate, which was performed on an aminopropyl-bonded silica gel column using MeCN-H 2 O (17 : 3) as solvent system, with detection being carried out by using a combination of refractive index (RI) and optical rotation (OR) detectors. The 13 C-NMR signals due to the sugar moiety were almost superimposable on those of 1, suggesting that the pentaglycoside sequence of 2 was the same as that of 7 Hz) . Analysis of the 13 C-NMR spectrum of 3 and comparison with that of 2 revealed that 3 possessed a pentaglycoside moiety identical to that of 2, but differed slightly from 2 in terms of the aglycon structure. Acid hydrolysis of 3 with 1 M HCl liberated a new steroidal sapogenin (3a), D-glucose, D-galactose, and L-rhamnose. The NMR spectral properties of 3a were essentially analogous to those of (25R)-5a-spirostan-3b-ol (tigogenin). 4) However, the molecular formula of 3a, C 27 H 44 O 4 , which was determined by high-resolution (HR) EI-MS data (m/z 432.3230, D Ϫ1.0 mmu of calcd), was greater by one oxygen atom than that of tigogenin, and treatment of 3a with Ac 2 O in pyridine gave a diacetate (3b). These data implied that 3a had one more hydroxyl group in addition to the C-3b hydroxyl group [d H-3 3.86 (br m, W 1/2 ϭ24.2 Hz); d C-3 70.6 (CH)]. The locus and configuration of the additional hydroxyl group was assigned by the following spectral analysis. In the 1 H-detected heteronuclear multiple quantum coherence (HMQC) spectrum, the downfieldshifted oxymethine carbon signal at d 91.4 was correlated to a proton signal at d 4.68, which showed an HMBC correlation with the quaternary carbon signal at d 40.9 (C-13) and was assigned to H-16. By the ] observed in the phasesensitive NOE correlation spectroscopy (PHNOESY) spectrum of 3a. Accordingly, the structure of 3a, a new steroidal sapogenin, was shown to be (25R)-5a-spirostane-3b,15a-diol, and consequently, the full structure of 3 was established C-NMR spectrum of 5 was compared with that of 4, the 13 C-NMR shifts arising from the hexaglycoside moiety were almost identical between the two compounds. HMBC correlations from each anomeric proton across the glycosidic bond to the carbon of the other substituted monosaccharide or the aglycon confirmed the glycoside sequence of 5 being the same as that of 4. The structure of 5 was defined as (25R)-15a-hy-
spirostan-3b -yl O-b -D-glucopyranosyl-(1→2)-O-[O-a -Lrhamnopyranosyl-(1→4)-b -D-glucopyranosyl-(1→3)]-O-b -D-glucopyranosyl-(1→4)-b -D-galactopyranoside (1), 2) (25R)-3b -[(O-b -D-glucopyranosyl-(1→3)-O-b -D-glucopyranosyl-(1→2)-O-[O-a -L-rhamnopyranosyl-(1→4)-b -D-glucopyranosyl-(1→3)]-O-b -
The 1 H-and 13 C-NMR spectra of compound 6 (C 63 H 104 O 33 ) and 7 (C 63 H 102 O 34 ) indicated that the structure of the sugar moiety was identical to that of 4 and 5. Acid hydrolysis of 6 resulted in the production of a known steroidal sapogenin, identified as (25R)-5a-spirostane-3b,12b-diol (rocogenin), 5) together with D-glucose, D-galactose, and L-rhamnose. Compound 6 was characterized as (25R)-12b-hydroxy-5a-spiro- 21 (s) . Thus, the structure of 7a was revealed to be (25R)-3b,15a-dihydroxy-5a-spirostan-12-one, and the full structure of 7 to be The structure of 8 was shown to be (
Acid hydrolysis of compound 11 (C 38 H 62 O 13 ) gave a known steroidal sapogenin, identified as (25R)-5a-spirostane3b,6a-diol (chlorogenin), 1a) and D-glucose and D-xylose as the carbohydrate compounds. The isolated compounds (1-12) and one derivative (8a) were evaluated for their cytotoxic activities against HSC-2 cells and HGF (Table 2) .
7) The spirostanol penta-and hexaglycosides (1-7, 8a) , and the bisdesmosidic furostanol with up to seven monosaccharides (8) exhibited considerable cytotoxicity against HSC-2 cells with LD 50 values ranging from 1.0 mg/ml to 35 mg/ml. Introduction of a hydroxyl group into the aglycon tended to reduce the cytotoxicity. Compounds 1-3 showed 5-10-fold higher cytotoxic activities against HSC-2 cells than against normal HGF. In contrast, 4, 5, and 8a, which are the corresponding C-3ٞ-glucosylated saponins of 2, 3, and 1, were cytotoxic against both HSC-2 and HGF. Thus, the structure of the sugar portion appears to play an important role in the tumor-specific cytotoxicity of these steroidal saponins. The chlorogenin 6-O-monoand diglycosides (9-11), and cholestane glucoside (12) were less cytotoxic and showed no tumor-specificity. As a result of our preliminary study on the cytotoxic mechanism of the saponins, we have found that 1 and 8 induced internucleosome DNA fragmentation in HL-60 leukemia cells. More details concerning the mechanism will be reported in the near future.
8)

Experimental
Optical rotations were measured using a JASCO DIP-360 (Tokyo, Japan) automatic digital polarimeter. IR spectra were recorded on a JASCO FT-IR 620 spectrophotometer. NMR spectra were recorded on a Bruker DRX-500 (500 MHz for 1 H-NMR, Karlsruhe, Germany) spectrometer using standard Bruker pulse programs. Chemical shifts are given as d values with reference to tetramethylsilane (TMS) as internal standard. MS were recorded on a Finnigan MAT TSQ-700 (San Jose, CA, U.S.A.) mass spectrometer, using a dithiothreitol and dithioerythritol (3 : 1) matrix. Elemental analysis was carried out using an Elemental Vario EL elemental analyzer (Hanau, Germany). Diaion HP-20 (Mitsubishi-Kasei, Tokyo, Japan), silica gel (Fuji-Silysia Chemical, Aichi, Japan), and ODS silica gel (Nacalai Tesque, Kyoto, Japan) were used for column chromatography. TLC was carried out on precoated Kieselgel 60 F 254 (0.25 mm, Merck, Darmstadt, Germany) and RP-18 F 254 S (0.25 mm thick, Merck) plates, and spots were visualized by spraying the plates with 10% H 2 SO 4 solution, followed by heating. HPLC was performed using a system comprised of a Tosoh CCPM pump (Tokyo, Japan), a Tosoh CCP PX-8010 controller, a Tosoh RI-8010 detector, a Shodex OR-2 detector (Showa-Denko, Tokyo, Japan), and Rheodyne injection port. A Kaseisorb LC ODS-120-5 column (10 mm i.d.ϫ250 mm, ODS, 5 mm, Tokyo-Kasei, Tokyo, Japan) was employed for preparative HPLC. The following reagents were obtained from the indicated companies: Dulbecco's modified Eagle medium (DMEM) (Gibco, Grand Island, NY, U.S.A.); fetal bovine serum (FBS) (JRH Biosciences, Lenexa, KS, U.S.A.); penicillin, streptomycin, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-2H-tetrazolium bromide (MTT), and a-minimum essential medium (a-MEM) (Sigma, St. Louis, MO, U.S.A.). All other chemicals used were of biochemical reagent grade.
Plant Material The bulbs of C. leichtlinii were purchased from a nursery in Heiwaen, Nara prefecture, Japan. The bulbs were cultivated and a voucher of the plant is on file in our laboratory.
Extraction and Isolation The plant material (fresh weight, 8.9 kg) was extracted with hot MeOH. The MeOH extract was concentrated under reduced pressure and partitioned between n-BuOH and H 2 O. Column chromatography of the n-BuOH-soluble portion on silica gel and elution with a stepwise gradient mixture of 1-8, 8a, and 9-12 Acid Hydrolysis of 2 A solution of 2 (11.3 mg) in 1 M HCl (dioxane-H 2 O, 1 : 1, 3 ml) was heated at 95°C for 1 h under an Ar atmosphere. After cooling, the reaction mixture was neutralized by passage through an Amberlite IRA-93ZU (Organo, Tokyo, Japan) column and chromatographed on Diaion HP-20 eluting with H 2 O-MeOH (3 : 2) followed by Me 2 CO-EtOH (1 : 1) to give an aglycon fraction and a sugar fraction (4.9 mg). The aglycon fraction was chromatographed on silica gel eluting with CHCl 3 -MeOH (12 : 1) to give (25R)-3b-hydroxy-5a-spirostan-12-one (hecogenin) (2.9 mg). Acid Hydrolysis of 11 Compound 11 (40.0 mg) was subjected to acid hydrolysis as described for 2 to give (25R)-5a-spirostane-3b,6a-diol (chlorogenin) (13.1 mg) and a sugar fraction (12.9 mg). HPLC analysis of the sugar fraction under the same conditions as in the case of that of 2, except for the flow rate Cell Culture HSC-2 cells were maintained as monolayer cultures at 37°C in DMEM medium supplemented with 10% heat-inactivated FBS in a humidified 5% CO 2 atmosphere. HGF were isolated, as described previously. 9) Briefly, gingival tissues were obtained from healthy gingival biopsies from a 10-year-old girl, undergoing periodontal surgery. The tissue was cut into 1 to 2 mm 3 pieces, washed twice with phosphate-buffered saline (PBS, 0.01 M phosphate buffer, 0.15 M NaCl, pH 7.4) supplemented with 100 U/ml penicillin and 100 mg/ml streptomycin, and placed into 25 cm 2 tissue culture flasks. The explants were incubated in a-MEM supplemented with 30% FBS and antibiotics. When outgrowth of the cells was observed, the medium was replaced twice until the cells reached confluence. The cells were detached from the monolayer by trypsinization and recultured in 100 cm 2 tissue culture flasks until confluent monolayers were again obtained. Cells between the fifth and seventh passages were used.
Assay for Cytotoxic Activity Cells were trypsinized and inoculated at 6ϫ10 3 per each 96-microwell plate (Falcon, flat bottom, treated polystyrene, Becton Dickinson, San Jose, CA), and incubated for 24 h. After washing once with PBS, they were treated for 24 h without or with test compounds. They were washed once with PBS and incubated for 4 h with 0.2 mg/ml MTT in DMEM medium supplemented with 10% FBS. After the medium was removed, the cells were lysed with 0.1 ml DMSO and the relative viable cell number was determined by measuring the absorbance at 540 nm of the cell lysate, using Labsystems Multiskan ® (Biochromatic, Helsinki, Finland) connected to a Star/DOT Matrix printer JL-10. The LD 50 value, which reduces the viable cell number by 50%, was determined from the dose-response curve.
